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RESEARCH MEMORANDUM

FLIGET-TEST EVALUATION OF THE LONGITUDINAL STABILITY A®
CONTROL CHARACTERISTICS OF 0.5-SCALE MODELS OF THE
LARK PILOTLESS-AIRCRAFT CONFIGURATION

By David G. Stone
SUMMARY

Flight tests were conducted at the Flight Test Station of the Pilotless
Aircraft Research Division at Wellops Islend, Va. to determine the longi-
tudinal stability and control characteristics of 0.5-scele models of the
Lark pilotless alrcraft. The investigation included tests of the standard
configuration (tall surfaces interdigitated with respect to the wings)
having the horizontel wing flaps deflected 0%, 15°, and 60° and a test
with the tail surfaces in line with the wings with wing flaps not deflected.
The date were obtained by the use of radio telemeters and by radar tracking.

All the configurations tested possess static longitudinal stability.
The stability decreases slightly up to approximetely the critical Mach
number, but with further increase in Mech number the stability increases
severely. All the configurations tested exhibited dynemic longitudinsl
stebllity with the exception of some dynamic instability indicated for
the standerd configuretion, flaps deflected 60°, and for the tall in line
with the wings configuration.

Aerodynamic reversal of the longitudinal trimming control ococurs for
the stendard configuration with flaps not deflected and with a flap deflec-
tion of 15°. For the 0° flap deflection, the reversal occurs suddenly at
a Mach number of 0.93 and continues to the maximum speed obtained of 0.98.
For the 15° flap deflection a reduction in control effectiveness begins at
& Mech number of 0.75 and gradually decreases, becoming negative at a Mach
number of 0.89.

Placing the tail in line wiﬁh the wings results in a considerable
reduction in the trimming-control effectiveness.

The zerodynamic lag of the trimming control encountered in the tail-
in-line configuration and the standard configuration with 60° flap deflec-
tion would make angle-of-attack stabilization extremely difficult.
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The abrupt changes in the longitudinal acceleration indicate large
drag increases at critical Mach numbers of 0.80 for 0° flap deflection
and 0.75 for the 15° flap deflection (standard configurations).

INTRODUCTION

The NACA conducted flight tests of the Lark pilotless-aircraft con-
figuration to evaluate the longitudinal stability and control cheracteristi
at high subsonic speeds. To obtain this information, 0.5-scale models,
externally gecmetrically similer to the Lark missiles, were constructed
at NACA and flown at the Flight Test Station of the Pilotless Aircraft
Research Divislon at Wallops Island, Va. This paper covers the results
of all the flight tests. The results reported herein pertain to the
longitudinal characteristics of the standard Lerk configuration having
the wing flaps deflected 0°, 15°, and 60° and of a configuration with
the tall surfaces in the seme plane with respect to the wings having the
wing fisps not deflected. -

The full-scale Lark missile 1s designed to be flown at zero angle of
attack and sideslip for the seeker reference; the lift and side-force
increments for maneuvering are to be gained by deflection of the hori-
zontal and vertical wing flaps; and the rudder-elevator control surfaces
are to be used as trimmers only. In these model tests the control sur-
faces produced angle of attack, but tests with various wing-flap deflec-
tions provided data for an evaluation of the effectiveness of the trimming-
control function. The models were flown with a progremmed flicker-type
deflection of the longitudinal trimming-control surfaces.

SYMBOLS
t time from launching, seconds
M free-stream Mach number
P free-stream static pressure, pounds per squere foot

free-stream dynamic pressure, pounds per square foot (%#Mg)

B free-stream total pressure, pounds per sguare foot
Cn normal-force coefficient (% ls! %)

)

0=

a3
c chord-force coefficient (2;
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rate of change of'pitching moment with angle of attack, foot-
pounds per radian

rate of change of plitching-moment coefficient with angle of
atteck, per degree

rate of change of 1lift coefficient with angle of attack, per
degree .

chenge of normal acceleration with elevator deflection, per
degree

rate of change of pitching-mcment coefficient with elevator
deflection, per degbee

rate of change of 1ift coefficient with elevator deflection,
per degree

rate of change of normal-force coefficient with elevator
deflectlon, per degree

rate of change of elevator deflection required for trim with
flap deflection at constent 1ift coefflclent

rate of change of pitching-mament coefficient with flap deflec-
tion at constant 11ft coefficlent, per degree

period of oscilletion, seconds

moment of inertia sbout Y-axis, elug-feet2
welght of model, pounds

horizontel wing srea, 2.725 square feet
wing chord, 0.883 foot

longitudinal acceleration, feet per second per second

normel acceleration, feet per second per second
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g acceleration of gravity, 32.2 [eet per second per seccnd =
B¢ ﬁeflection of horizontal wing flaps,_degrees B ?:_
Se deflection of rudder-elevators or elevators, degrees —_

(trailing edge down is positive)

7 specific heat ratio; value taken, 1.4

MOTDELS AND APPARATUS

Models

The 0.5-scale models used for this investigatlion were externally
gecmetrically similar to the full-scale Lark pilotless-sircraft con- =
figuration. The models were simplified “ver the full-scale version in '
that they did not have automatic pilote, seskers, alleroms, or remote-
control systems. The model fuselages end components were comnstructed of &= . .
durelumin, aluminum castings, end megnesium skin. The fuselage con- _ _
struction was of the monocoque type separeble into three sections. The S _
three sections are: the nose section which holds the telemeter and —
batteries; the center section which holds the rocket motor, wings, and
compressed-alr supply; and the tail section which holds the control system,
talls, and blast tube. The model horizontel winge were made of laminated i
micerta and the verticel wings were made of laminated beech. The tails £
were made of laminated micarta, and all the control surfaces were of solid’ -

magnssium. - _ i Lo

The models were propelled by a dry-fuel, Cordite, 5-inch-diameter
rocket motor which is capeble of producing thrust varying from 1000 pounds
to 1400 pounds depending upon the embient temperature end the manufacturing
‘quelities. The use of a blast tube was necessery to locate the rocket-
motor center of gravity on approximately the desired model center-of-gravity
position. From tests made on a static thrust stand, the blast tube had
little effect on the thrust characteristics (unpublished date).

Flgure 1 presents the general arrangement of the model representing
the standard configuration, tail interdigitated with respect to the wings.
Photographs of this model and rocket motor with blast tube are shown in
Tigure 2. Figure 3 presents the general arrangement of the model having
the tail surfaces in the same plane as the wings. A photograph of this
model with rocket motor and blast tube is shown in figure L.

The progremmed movement of the rudder-elevators was acccamplished by .
a campressed-alr system with a flicker-type operation. The control
surfaces moved together between stops in a square wave motion at frequencies -
of approximately one-helf or three-fourths of &’ cycle per second. This -




NACA M No. LTI26 T P 5

control motion wes in operation before the models left the launcher and
ell during the flight. Figure 5, & tall-view photograph of the model,
shows the deflected control surfaces and the end of the blest tube. The
tell-in-line tests were accomplished by rotating the tail section,
fastening the verticel control surfaces at 0° deflection, and connecting
the servosystem +to the horlzontal control surfaces which were then
elevators.

Tests were made with the horizontal wing flaps deflected o° 3 l5°
and 60°. Details of the 0.20-chord plain-type flap deflected 60
shown in figure 6. The moment of inertie about the Y-axis was found. by
swinging the models by the tail as shown in figure T.

All the models were ground-launched withowb a booster on & zero-
length launcher set at angles of either 30° or 45° from level. FPhoto-
graphs of the models on the launcher are presented in figure 8. Photo-
grephs of the launching of the standerd configureation model are shown
in figure 9, and figure 10 presents the launching of the tail-in-line
model.

The generel specificatlions and welght and balance of all the models
as compered to the full-sceale aircreft are presented in table I and in
table IT. The test conditions at the times of the launching of the
models were as follows:

Sea-level | Speed of Appz:xswi?zge A]}izr: hi. te
Configuration pressure sound ::loc 1t une eng
(1v/eq £%) | (£t/sec) (ft/sec{ (d.esg)
8p = 0° 21kl 1124 0 30
8p = 15° 2131 1142 6 45
Bp = 60° 2122 11k2 9 30
8r = 0% tail 2141 1136 16 45
in line
Apperatus

The data from the flights were obtalned by the use. of telemeters,
CW Doppler .radar and photography. The four-channel radio telemeter gave
continuous signals of the longltudinal acceleration, normal acceleration,
impact pressure, and the control-surface position. A photograph of the
radio-transmitter part of the telemeter system is shown in figure 1l.

— IOy



Two independent telemeter receiving stations recorded the radio-transmitted
data. The telemeter records were converted to the accelerations and control
positions directly by use of preflight callbrsastion results. The impact
pressure records from the telemeters were reduced to Mach number by the
following equation:

W = 2-(1-g-.—'—}-’-)-z’_;_l_-l (1)
Ty -1 H

where p was taken &s the pressure at sea level at the time of the test.
Since the models reached an altitude of only ebout 500 feet, no large
errors in M are introduced by taking p constant. -

The CW Doppler readar served as a check on the velocity obtained from
the telemeter records. Photography served as an observation for any
structurel fallure or any flight peculleritles.

TECHNIQUE

The technique of introducing a disturbance about the Y-axis of a body
in free flight end enalyzing the resultent forces and accelerations was
used for the investigatlon of the longitudinal stebility characteristics.
The disturbence in this case was the continuous operation of the longl-
tudinal control surfaces in & sguare-wave flicker-type operation. The
models did not contaln any sutomatic stebilization systems. Rolling of
the model does not affect the velldity of the normel accelerometer
reading in that it alweys reads the actuasl load normel to the plane of
the wings regerdiess of roll attitude.

METHODS OF ANALYSIS

The telemeter and radar records were reduced to time-history records
of the flight as plots of Mach number, control position, and nocrmel and
longitudinal accelerations versus time from launching. The normal
acceleration and lengitudinal acceleration were reduced to normal-force
coefficlent and chord-force coefficient, respectively. From plots
of an/g ageinst M ean Indlcetlon of the effectiveness of the control

surfaces was Zﬁined by determining the chenge in a,/g for the change
=
8

Jay
in &, or Abe
changed with Mach number and configuration. An indication of the control

effectiveness of the fztl-scale Lark 1s gained by the term normel-

and comparing these values ag the stetic stability

&
acceleration factor, ABg

(§>' In order to obtaln the normel
2O Ii!_l:-!é'\!lli;!l N '

el e
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acceleration produced per degree of elevator control deflection for any
desired wing loading, divide the normal-acceleration factor by the desired
wing loading. The normal-acceleration factor and the normal-force coeffi-
clent were based on & linear veriation with time of the wing loading from
the take-off condition to the burnout condition.

Eveluations of the static longitudinal stability were obtained by
enalysis of the short-perlod oscillations induced by the abrupt movement
of the elevator control. These short-period oscillations appeared in the
normal-acceleration curve in the time-history records. The period of the
motion for small smplitudes may be expressed as 2 function of the moment
of inertie and the restoring moment per redian movement wlth respect to
the relative wind as follows:

T .
P = 2x) /EM_/_L. (2)
== - __?%2 (3)
da 57.3 qSc

The second-order effects, such as the amplitude of the osclllation, were
found to have no appreciable effect on the value of the period. However,
the effect of demping due to pitching velocity is not included, and, if
the damping factor is large, some error may be expected. This method of
analysis of the short-period oscillations for the determination of static
stability is similar to that reported in reference 1 for determining the
directional stebility from flight records. The values of de/da
obtained are for modsl-flight center-of-gravity locations which varied
approximately 2 percent chord between models and approximately 1 percent
chord for each model. A similar variation of the moment of inertia was
included in the computation of dCp/da for each case.

or

Approximations of the effectlveness of the trimming control mey be
gelned by evaeluating the rate of change of pitching moment with control
deflections as follows:

A(i%) de
Cn _ "\g/ Wda (&)
B, A8, aS 4aCf,

do.
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Evaluations by equation (4) assume an average value of dCp/da and that
the normal-force coefficient 1s equivalent to the 1ift coefficient.

RESULTS AND DISCUSSION

Time-History Records

Stendard configuration; 8y = 0°.- A time history of the flight of a
0.5-scale model Lark with the tail interdigitated with respect to the

wings and wing flaps not deflected is presented in figure 12. The total

elapsed flight time was 5.64 seconds with approximately 2% osclllations

of the rudder elevators. The maximum speed obtained corresponded to a
Mech number of 0.98 (rocket burndut) at a time of 4.03 seconds after
launching. The dashed portion of the longitudinal-acceleration curve
was obtained by differentiation of the velocity curve. This was done
because of failure of the telemeter receiver to record properly this
channel until a time of 3.4 seconds was reached.

Figure 13 presents the variation of normesl-force coefficient with
Mach number for the power-on flight period. Figure 1lU4 presents curves
of chord-force coefficient and normel-force coefficient agalnst Mach
number for the power-off decelerating portion of the flight.

Standard conflguration; &p = 15%. - A time history of the flight of

a model with the horizontal wing flaps deflected 15° is presented in
figure 15. The total elapsed flight time was 9.60 seconds. The meximum
speed corresponded to a Mach number of 0.92 (rocket burnout) at a time

of 3.7 seconds after launching. The dashed part of the Mach number curve
was obtained by Integration of the longitudinal-acceleration curve.

Figure 16 presents the variation of normel-force coefficient with

Mach number for the power-on part of the flight. The maximum value of Cﬁ__

obtained is near the stalled region for the Lark configuration. Figure 17
presents curves of chord-force and normal-force coefficlients Ffor the
power-off decelerating part of the flight.

Stendard configuration; dp = 60°.- A time history of the flight of a

model with the horizontal wing flaps deflected 60° is presented in fig-
ure 18. The total elapsed flight time was 17.9 seconds. As determined
from visual and photographic observation, the model begen a slow roll .
near t = 1.8 indicating thet the right wing flap loosened resulting

in unknown deflectlons, and near t = 7.0 the right wing flap broke off
causing a severe roll. Further record conversion beyond the time the
flap broke off was considered unnecessary. The maximum speed obtained
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corresponded to a Mach number of 0.91 (rocket burnout) at a time of

3.78 seconds after launching. The dashed Mach number curve was obtained
by integration of the longltudinal acceleration. For this flight the
total head channel and the Doppler radar failed to record properly.

Figure 19 presents the varietion of normal-force coefficient with
Mach number for the power-on flight period. Figure 20 presents curves
of chord-force and normal-force coefficients for the power-off decelerating
part of the flight.

Teil-in-line configuration; 8¢ = 0%.- A time history of the flight of

a 0.5-scale model Lerk with the tail in line with the wings and &p = Q°
1s presented in figure 21. The total elapsed flight time wes 40.8 seconds.
Only the first 8 seconds of the flight were presented since after this
time no change in the recorded characteristics was noted until the com-
pressed alr for the servogystem was expended s few seconds later. The
meximum speed obtained corresponded to a Mach number of 0.87 (rocket
burnout) at t ='3.86. The dashed Mach number curve was obtained by
Integration of the longitudinal acceleration with the initial point at

t = 2.4 where the data from the total head channel and the radar check
exactly. The low meximum velocity as compered with that shown for the
standard configuration can be attributed to poor rocket thrust as indicated
by a3 X% Tg as compared with a3 ¥ 9g in previous tests. After t = 3.8
the total head channel failed to record properly, and the recording time
of the rader was expended at t = 3.6.

Figure 22 presents the veriation of normal-force coefficlent with
Mach number for the power-on flight period. Figure 23 presents curves of
chord-force and normal-force coefficients for the power-off decelerating
part of the flight.

Drag

Referring to figure 12, record of the model with wing flaps not
deflected, the large decrease in longitudinal acceleration during powered
flight which occurs at M = 0.8 (t = 2.9) indicates a large increase in
the drag. Also, the drag remained high, as indicated by the immediate
deceleration during the power-off flight. Unpublished high-speed wind-
tunnel date from tests of this configuration show a lerge drag increase
near M = 0.8, the critical Mach number.

Again a large increase in the drag is indicated for the & = 150

configuration (refer to fig. 15) by the decrease in the longitudinal accelera-
tion at high normal accelerations neear M = 0.75. Also, the higher value of
Cc &bove M = 0.75 as compared to those at lower values of M indicates

the drag increase.
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An indication of the drag rise with Mach number for the tail-in-line
configuration may be shown by considering that where Cy = O the Cc 1is

equivalent to the drag coefficient. As shown in figure 23, at M = 0.81

2t h.jzg the drag coefficient is 0.069 decreasing to 0.033 at M = 0.73
t = 7.56).

Longitudinal Stability

Static stabllity.~ The values of the period of the short-period oscil-

lation induced by the sudden control movement determined from the time-
history records are presented in figure 24 to show the variation of the
period with Mach number. The scatter of the test points on figure 24
indicates the amount of error in determining P. The considerable scatter
for the 8&pX 60° configuration msy be due to loosening of the flap.

Figure 25 presents the static longitudinal stability, as computed
using equation (3), as a function of Mach number. For the stenderd con-
figuration, as M increases, the stability decreases slightly; then as
M 1increases further, the stability increeses severely, especially after
the criticel Mach number. For the tail-in-line configuration the static
stability is less at low Mach mumbers but increases faster and is greater
as M increases, as compared with the tall interdigitated with the wings.
These deta indicate that the static longitudinal stability changes rapidly
with 11ft coefflcient and Mach number. In genersl, deflecting the flaps
reduces the static stability at low Mach numbers, but the large increases
in the stabllity near the critical speed occur at lower Mach numbers than
without deflection of the flaps.

By taking the velue of the slope of the 1ift curve dCp/da to be 0.08
(unpublished wind-tunnel data), and including the variation of center of
gravity, the neutral points were computed for these conditions. These
neutral points, of course, do not include the probeble changes in dCL/da
beyond the critical Mach number. The variation of the neutral polnts with
M for all the configurations tested is given in figure 26. Again the
increase in stablility is indicated by the large rearwerd movement of the '
neutral polnt as M 1increases above 0.70. .

Dynamic stabllity.- A qualitative evaluatlion of the dynamic stabllity
mey be determined by inspection of the damping of the short-periocd oscil-
lation induced by the abrupt control movement. Referring to the time-
history records, figures 12, 15, 18, and 21, the following comparison
may be made of the average time for complete demping of the oscillation:

CoNT TR iy
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Average time for complete damping
Control dwell (sec)
Configuration time
(sec) Posltive g Negatlive g
87 = 0° 1.1 0.8 0.5 to 0.7
8¢ = 15° 1.8 0.8 "~ 0.8
Bp & €0° 0.6 Not damped in Undamped oscillation
dwell time during dwell time
8p = 0% 0.6 0.4 to not damped 0.3
tail in line in dwell time

The tendency for the dynemic instability for the Jp ® 60° configuration
may be caused by the slippage of the wing flap.

Control Effectiveness

Control reversal.- Referring to figure 12, time-history record of
standard configuration &f = 0°, it may be seen that the normel accelera-
tion, with the usual short-period oscillation, followed the deflection of
the rudder-elevators until & Mach number of 0.93 was reached. At M = 0.93,
with 6.5° up-elevator, the normal acceleration suddenly changed from a

positive value of h%g to a negative value of Ug. This reversal of longl-

tudinal control continued as the speed increased to M = 0.98. Control
was fully reestablished when the speed decreased to M = 0.92. The cause
of this control reversal masy be attributed to any combination of the
following high-speed effects: (1) shift of the angle of zero lift of the
cambered horizontal wing, (2) loss of rudder-elevator effectiveness,

(3) reversal of tail effectiveness at small rudder-elevator deflections
because of a shift of the angle of zero lift of the effectively cambered
tail, and (4) wing-weke effects. Tests by RM-5 rocket-propelled models
of 0.2-chord, plain ailerons on a straight wing, 9 percent thick (refer-
ence 2), indlcate a similar phenomenon by showing an abrupt reduction in
rolling control effectiveness at the same speeds.

ain for the flight of the standard configuration &f = 15° a
Ag gh gur f .

reversal of the longltudinal control was encountered. Referring to fig-

ure 15, it may be seen that the normal acceleration, with the usual short-
period oscillations, followed the deflection of the rudder-elevators until

a Mach number of 0.75 was reached (t ®2.6). With approximately 8.5° up-
elevator, the normal acceleratlion changed fram a positive value of about 20g
at M =0.75 to a negative value of 5g at M = 0.92. As the speed decreased
from M= 0.92 (6®4.2), the longitudinal control was gradually reestab-
lished. Control was fully restored when the speed decreased to M = 0.75
(t k:5-3)- The results show an increase of effectiveness of the longitudinal
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control in producing normal accelerations up to M = 0.75 where this
effectiveness gradually decreased, becomlng negative at M = 0.89.

The effects of this aerodynamic control reversal on the stability of
an autopilot system would be such as to cause the misslle to diverge from
& stabilized flight path. The reduction in control effectlveness preceding
the reversal would further compllcate the antomatic stability problem.

For the standard configuration 8¢ ® 60° and the tail-in-line con-

figuration 8&p = 0° no reversal of the longitudinal control was encouniered.

Abllity of control to produce normal acceleration.- The ability of the
longitudinal control surfaces to produce normal acceleration is shown in
figure 27 as plots of an,/g against M. The dashed lines are the inter- _
polation of the data between regions of the seme control deflection. The
differences between curves of power-on and power-off flight were probably
caused by thrust misalinement with the center of gravity. The normal~ )
acceleration-producing ability, or change in an/g for the change in &y,

%)

J
B,

as determined from figure 27 is given in figure 28.

The normal acceleration produclng capabilities of the control surfaces
of the Lark missile configuration for any wing loading are presented in
' A

figure 29 as a plot of normal-acceleration factor AS (g) against Mach
e

number. For example, at M = 0.75 the followlng comparisons of the normal
accelerations produced per degree of elevator deflection may be made:

0.5-8cale model Full-scale aircraft

5 Center of] g Center of Ja /g
£ w/s avity nig w/s avity ;er

(1v/sq ft) %;ercent g ¥ l(1v/sq ft) %;ercent 5

chord) e chord) e
0° 38.9 16.64 |-0.86 110 16.68  }0.30
15° 36.6 15.8 {-1.95 110 19.81 -.65
60° 39.2 18.60 }-1.20 110 18.60 }-.43
0% 38.4 18.60 |} -.26 110 18.60 }-.09

tall in line




NACA RM No. LTI26 B )i 13

It is evident that placing the tail in line with the wings results in an
eppreciable reduction in the norms)l acceleration producing capabllities.

The changes 1in control effectiveness for the tail-in-line configuration

and the By ™ 60° configuration may be attributed’ to wake effects from

the wing affecting the tall surfaces.

An estimation of the control effectiveness in terms of de/dBe
may be gained by the use of equation (4) assuming the valug of the slope

of the 1ift curve. For example, at M = 0.75, assuming —EL = 0.08,

the following values of de/dae may be obtalned: o
B dCp /a8
0° -0.016
15° -0.022 (high Cy)
60° -0.017 (high Oy)
' 0% tail in line -0.00k

Aerodynamic lag.- Also shown in the time-history records (figs. 12,

15, 18, end 21), the production of normal acceleration lags the applica-
tion of control deflection. For the standard configuration &¢ =

and B8p = 15° s the lag in produced normel acceleration is approximately
0.05 second. Placing the tail in line with the wings increased the lag
time to 0.10 and to 0.15 second. Similarly, deflecting the wing flap &0°
increased the lag time to over 0.10 second. This aserodynemic lag in the
effectiveness of the controls may be due to wake interference from the
wing. The aerodynamic lag of the trimming control encountered in the
tail -in-line configuration and the standard configuration flaps deflected

60° 1s such as to make angle-of-attack stebilization on the full-scale
missile very difficult.

Wing flap effect on trim.- An estimation of the effect of wing flap

deflection on the pitching-moment coefficient at constant 1ift at a given
Mach number mey be gained by considering the following:

de/d daC
é‘%m> = L ( ,:) (5)
£ CL=k d.CL/ da d.ﬁ C =k
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where
a()
s, dd, £B, aS
ad
The term (—2 msy be determined from figure 27 by evaluating the

ddp

Cp=k
8¢ required for %? = k at a given Mach number using the 8, = 0° con-

figuration for the reference. Therefore the rate of change of pltching-
moment coefficient with flap deflection at constent 1ift is

(%csﬂ) _ gg'n'l A(%) Wl 1 G::)CL:]{ 7)

For exeample, using equatiop (7), computing at M = 0.75 for EE =0
ac _
and assuming gg; = 0.08, <é§§? = -0.0000% for Op = 15° and 0.00006
=0

for B8y ® 60°. The positive sign for the 8p M 60° configuration indicates
the large increase in weke effects upon the tail accompanying the large
flap deflection. The magnitudes of the values. show that wing flap deflec-
tion causes no large changes in trim near zero 1ift.

RECOMMENDATION

Angle of attack.- It is recommended that all models to be used for
the study of longitudinal stability and control be equipped with angle-~
of-attack instrumentation. The addition of an angle-of-attack indicator
on models tested 1n free flight would remove most of the assumptions and
errors in the quantitative calculations of the stability and control
effectiveness.

CONCLUSIONS

From the results of flight tests of 0.5-scéle models to evaluate
the longitudinal stability and control characteristice of the Lark
pilotless-aircraft configuration, the following general conclusions are
indicated: .
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1. All the configurations tested possess static longitudinal stability.
The stabllity decreased slightly up to approximately the critical Mach
number, but with further increase in Mach number the stability increased
severely. Also the data Iindicate that with wing flaps deflected the
8tability changes wlth increasing 1ift coefflclent as well as with Mach
nummber.

2. All the configurations tested exhibited dynemic longitudinal
stabllity with the exceptlon of some dynamic instability indicated for
the standard configuration (tail interdigitated) &y & 60° and for the
tall in lipne with the wings configuration.

3. Reversal of the longitud.inal trimming control occurs for the
standard confliguration with 8&p = 0° and &p = 15°. For the B&p = 0°
case, the reversal occurs suddenly at M = 0.93 and continues to the
maximum speed obtained of M = 0. 98 For the Bf = 15° case, a reduction
in control effectiveness begins at = 0.75 end gradually decreases
becoming negative at M = 0.89.

4. Placing the tail in line with the wings results in a considerable
reduction in the trimming control effectiveness.

5. The aerodynamic lag of the trimming control encou.ntered in the
tail-in-line configuration and the standard configuration, ~ 60°

would meke angle-of-attack stebilization extremely d.ifficult-

6. The sbrupt changes in the longitudinel acceleration 1nd.1cate
large drag increases at critical Mach numbers of 0.8 for Bp = 0° and

0.75 for 8p = 15° (standard configurations).

Langley Memorial Aeronautlcel Laboratory
Netional Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE X.- GENERAL SFECIFICATIONS

0.5-acale models

7-25

1.813

Ttem Full-scale
alrcreft Standard Tail=-in-line
configuration configuration
Fuselage:
Over-all length, in. 164 & &
Meximm diemster, in. 17 8.5 8.5
Wings:
Aspect ratio 3.49 3.49 3-49
Total span, in. Th 37 37
Chord (constent), in. 21.2 10.6 10.6
Angle of 1ncldence, deg 0 0 0
Dihkedral, deg 0 0 0
Sweep, deg o 0 0
Alrfoll sectiom:
Horlzontal wing RACA 16-209 RACA 16-209 NACA 16-209
Vertical wing NACA 16-009 RACA 16~009 NACA 16-009
Wing area (per palr including .
fuselage), sq ft 10.9 2.725 2.725
Tall surfaces:
True span, in. 48 2k 2k
Chord (constent), in. 15.4 7.7 17
Angle of incidence, deg 0 0. , 0
Dihedral, deg 45 45 ! 0
Sweep, deg 0 0 0
Airfoil section NACA 16-008 NACA 16-008 NACA 16-008
Horizontal area (including
fuselage), sg ft Total projected Total proJjected 1.283
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TABLE IT.- GENERAL SPRCIFICATIONS E
3
Coenter-of- Moment of inexrtia t
Propulsion gravity locatlon H?igl)n H:(l;% /i.oagitl)'lg about Y-axis ﬂ
(percent chord) 1 (slug-£t2) R
Model
Approximate ] Approxinate
gget thrust duration [Teke-off|Burnout {Fake-off|Burnout |Take-off]|Buwrnout [Take-off § Burnout
Yookt () (sec)
Standard
configuratiqn{
Bp » 0° |Powder| 1200 k.0 15.20 | 17.4%0 | 1247 | 97.3 | 4.7 [35.7 { 8.9 | 850
Standerd
configwagioq -
By = 15 Powder 1300 3.6 18.58 19.8) | 127.4 99.9 46.7 36.6 8.30 T-90
Standard
configuratica
8y = 60° |Power| 1200 3.8 1.3 | 18.29 | 127.1 | 99.6 46.6 | 36.6 9.30 8.8
Tail-in-line
configuration
Bp = 0°  |Powder{ 1060 3.9 16.86 | 18.51 | 125.4 | 97.9 k6.0 | 35.9 8.30 7.8
¥ull-scale
aircraft {Liquid 600 220 20.00 | 20.00 |0&.0 - 10.0 | -~ 291 ———-
Fapm-)

k]




nternna amnd folal head fube

/}E/imez‘er
--——:r ————————————— —-—_}—-T-:::L

C‘é’a’/z‘e rocket

Llpsord nose
\%—f—“} e —F;—-—--— —-——-r_,_r_____..é

T T - | S
D AR e e

/‘/VﬂCﬁ /6-209 Xe
SNVACA /6-008 N
™
. et — £
————— J"_'“"'-T--anT
/b’/hsz‘ fube
/op vrew
—37
ﬁ Aear view .
NACA /6-0089 - '
C V.
/ Hord fine 080 Croard fine
é&—-  Flap sectiorn Ruaderelerator secbor
L 7ota/ projected tail area L8613 sq 1t
Horizontal wrrg araa (el Fus) 2725 s¢ Ft
Wing aspect ratro 49

L /O, o7 7
3 70—
235 a2z
/055
CONFIDENT IAL

Srde  vew

NATIOWAL ADVIRORY
COMMATTEE FOR AEROMAUTION

Frgura 1.— General arrangemant of Q5- scale mode/ of Lark Prlofiess Awcraft; all
dinensions 1 ichas 3 all wng and toi tips arae .sq//a{s_ of revolution.

8T

92ILT ‘ON WY VOVN




Figure 2,- Photographs of 0.5
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figure 3.-General arrangement of O.5-scale mode/ or Lark Pioftess Aircroft with rail i hne
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Figure 4,- Photograph of tail-in-line model with rocket motor and blast tube.
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NACA LMAL 49661

Figure 6.- Horizontal wing flap deflected 80° on standard
configuration model.
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Figure 7.- Model mounted on swinging rig for determining the
moment of inertia.
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(a) Standard configuration model; £= 60°.
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(b) Tail-in-line model; .= 0°.

Figure 8.- Model Larks on launcher.
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Figure 11.- Photograph of the radio-transmitter part of the
telemeter system.
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Mach number, M

Figure /3.-Variation of normal-force coefficient with Mach
number for the power-on portion of the flight. Model

of standard configuration; &=0°
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Figure 29.~ Comparison of the normal acceleration producing ability of the control
surfaces for all the configuratians tested.
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